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LYLH zrunlqj0sdshuv r￿hu lq dgydqfh wkh uhvxowv ri hfrqrplf uhvhdufk xqghu zd| lq ru0
ghu wr hqfrxudjh d glvfxvvlrq surfhvv ehiruh vhqglqj wkhp wr vflhqwl￿f mrxuqdov iru wkhlu ￿qdo
sxeolfdwlrq1
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- Dxwkruv judwhixoo| dfnqrzohgjh Møuj Qdhyh iru khosixo frpphqwv1 Wklv zrun kdv ehhq
sduwldoo| vxssruwhg e| wkh Plqlvwhulr gh Hgxfdfl￿q | Flhqfld +GJLF\W*v surmhfw SE<704837,
dqg wkh Lqvwlwxwr Ydohqfldqr gh Lqyhvwljdflrqhv Hfrq￿plfdv1
-- Xqlyhuvlw| ri Dolfdqwh1WKH UROH RI XQLRQV
LQ KLULQJ SURFHGXUHV IRU MRE PDUNHWV
Mrv￿ Dofdogh dqg Sdeor Uhylood
DEVWUDFW
Wklv sdshu vwxglhv vlpsoh klulqj surfhgxuhv iru mre pdunhwv1 Zh vkrz wkdw
zkhq djhqwv dfw vwudwhjlfdoo| rqo| lqglylgxdo udwlrqdo rxwfrphv vkrxog eh h{0
shfwhg1 Pruhryhu/ li djhqwv fdq irup xqlrqv/ wkhuhe| jdlqlqj wkh srvvlelolwo| wr
frpplw rq wkh ghflvlrq wr eh fkrvhq/ rqo| vwdeoh doorfdwlrqv duh lpsohphqwhg1
Nh| zrugv= Mre Pdwfklqj Pdunhwv/ Phfkdqlvp Ghvljq1
541 LQWURGXFWLRQ
Wklv sdshu vwxglhv vlpsoh klulqj surfhgxuhv iru mre pdunhwv iurp d jdph0wkhruhwlfdo
srlqw ri ylhz1 Lq vhyhudo RHFG frxqwulhv/ frqwudfwxdo surfhvvhv duh fhqwudol}hg1
Wkhuh lv dq hpsor|phqw r!fh uhfhlylqj ghpdqgv dqg vxssolhv iru mre srvlwlrqv1
Wklv r!fh ghflghv krz wr pdwfk zrunhuv dqg ￿upv ghshqglqj rq wkh lqirupdwlrq
lw uhfhlyhv iurp wkh djhqwv1 Hdfk zrunhu xvxdoo| uhsruwv wkh fkdudfwhulvwlfv ri wkh
mre vkh lv orrnlqj iru1 Wkhvh fkdudfwhulvwlfv fdq eh glylghg lqwr wzr jurxsv1 Wkh
￿uvw rqh lv wkh vdodu| vkh lv dvnlqj iru/ zkhuhdv wkh vhfrqg rqh lv d sk|vlfdo gh0
vfulswlrq ri wkh mre1 Frqfhuqlqj wkh ￿upv/ wkhlu uhsruw lqfoxghv fkdudfwhulvwlfv ri
wkh zrunhuv wr eh kluhg dqg wkh vdodu| wr eh sdlg1 Dvvxph wkdw ￿upv dqg zrunhuv
duh khwhurjhqhrxv hqrxjk1 Lq vxfk d fdvh/ zh fdq lghqwli| hdfk ￿up*v uhsruw zlwk
wkh vhw ri zrunhuv lw lv orrnlqj iru dqg d vdodu| wr eh sdlg wr hdfk rqh1 Vlploduo|/
zh fdq wklqn ri zrunhuv* uhsruwv dv d vdodu| wr eh uhfhlyhg dqg wkh ￿up iru zklfk
vkh zdqwv wr zrun1
Lq wklv iudphzrun hdfk djhqw*v dfwlrq lv wdnhq zlwkrxw nqrzlqj wkh rwkhuv*
ghflvlrqv1 Wkxv zh fdq wklqn ri d jdph zkhuh sod|huv duh ￿upv dqg zrunhuv/ dqg
wkhlu dfwlrqv duh wdnhq vlpxowdqhrxvo|1 Wkh rxwfrph ixqfwlrq lv ghflghg e| wkh
hpsor|phqw r!fh1 Wkh dlp ri wklv sdshu lv wr dqdo|}h wkh djhqwv* ehkdylru lq
wklv jdph1 Pruh wkdq wkdw/ zh duh lqwhuhvwhg lq nqrzlqj derxw wkh surshuwlhv ri
wkh rxwfrphv wkdw zh fdq h{shfw zkhq djhqwv dfw vwudwhjlfdoo|1
Rqfh wkh hpsor|phqw r!fh kdv wkh lqirupdwlrq jlyhq e| djhqwv/ lw kdv wr
pdwfk zrunhuv dqg ￿upv dqg wr ghflgh derxw wkh vdodulhv wr eh sdlg1 D uhdvrq0
deoh zd| wr surfhhg lv wkh iroorzlqj1 D zrunhu kdv wr eh frqwudfwhg e| d ￿up
li wkh wzr djuhh1 D ￿up0zrunhu djuhhphqw krogv rqo| li wkdw zrunhu zdqwv wr eh
kluhg e| wklv ￿up/ wkh ￿up olnhv wr kluh wklv zrunhu/ dqg vdodulhv uhsruwhg e| wkhp
duh frpsdwleoh1 Frpsdwlelolw| ri vdodulhv lv vwdwhg lq vxfk d zd| wkdw wkh ￿up
ghfoduhv wr eh deoh wr sd| dw ohdvw wkh vdodu| wkdw wkh zrunhu lv dvnlqj iru1 Frq0
fhuqlqj wkh vdodu| wr eh sdlg/ wkh hpsor|phqw r!fh kdv vhyhudo srvvlelolwlhv wr
surfhhg1 Wkhuh lv d uhtxluhphqw zklfk vkrxog eh vdwlv￿hg e| wkh hpsor|phqw ri0
￿fh*v uhfrpphqgdwlrq1 Zkhq wkh vdodulhv wkdw zrunhu dqg ￿up uhsruwhg frlqflgh/
wklv kdv wr eh wkh vdodu| sdlg e| wkh ￿up wr wkh zrunhu1 Lq dq| rwkhu fdvh/ wkh
+srvlwlyh, gl￿huhqfh ehwzhhq wkh vdodu| uhtxluhg e| wkh zrunhu dqg wkdw r￿huhg
e| wkh ￿up fdq eh vkduhg dprqj wkhp dqg wkh hpsor|phqw r!fh dffruglqj wr
vrph ￿vxusoxv vkdulqj￿ uxoh hvwdeolvkhg e| wkh r!fh1 Qhyhuwkhohvv/ dv zh zloo vhh/
qr gl￿huhqfh ehwzhhq wkhvh vdodulhv zloo krog lq htxloleulxp1
Rqfh wkh vxusoxv vkdulqj uxoh lv hvwdeolvkhg/ zh fdq wklqn wkdw zrunhuv dqg
6￿upv duh idfhg zlwk d vshfl￿f mre pdwfklqj phfkdqlvp1 Zh zloo dqdo|}h wzr
w|shv ri djhqwv* ehkdylru1 Wkh ￿uvw rqh lv uhodwhg wr dq lqglylgxdolvwlf ghflvlrq0
pdnlqj surfhgxuh1 Lq vxfk d fdvh/ djhqwv gr qrw frpplw rq wkh dfwlrq wr eh
wdnhq/ dqg wkh rxwfrphv wkdw zh zloo h{shfw/ zkhq djhqwv duh idfhg zlwk wklv
phfkdqlvp/ duh wkrvh wkdw duh vxssruwhg e| Qdvk htxloleuld1 Wkh vhfrqg rqh lv d
froohfwlyh ghflvlrq0pdnlqj surfhgxuh1 Wklqn ri sduwldo djuhhphqwv lqyroylqj dq|
vhw ri zrunhuv +d zrunhuv xqlrq, dqg d ￿up ru dq| vhw ri zrunhuv dqg ￿upv +zrun0
huv xqlrqv dqg ￿upv xqlrqv,1 Wkh vhw ri h{shfwhg rxwfrphv zloo frlqflgh zlwk wkh
vhw ri uhpdwfklqj0surri htxloleulxp rxwfrphv +li rqo| zrunhuv xqlrqv duh doorzhg,
ru vwurqj Qdvk htxloleulxp rxwfrphv +zkhq wkh wzr fodvvhv ri xqlrqv duh doorzhg,1
Wkh dqvzhu wr wkh jhqhulf txhvwlrq zh zdqw wr glvfxvv lv jlyhq e| hpsor|lqj
wkh dssurdfk ri lpsohphqwdwlrq wkhru|1 Lq Pdvnlq*v ^:‘ zrugv/ ￿wkh wkhru| ri
lpsohphqwdwlrq frqfhuqv wkh sureohp ri ghvljqlqj jdph irupv +vrphwlphv fdoohg
￿phfkdqlvpv￿ ru ￿rxwfrph ixqfwlrqv￿, wkh htxloleuld ri zklfk kdyh surshuwlhv
wkdw duh ghvludeoh dffruglqj wr d vshfl￿hg fulwhulrq ri vrfldo zhoiduh fdoohg d vrfldo
fkrlfh uxoh1￿ Wkxv/ zh orrn iru phfkdqlvpv zkrvh htxloleulxp rxwfrphv vdwlvi|
vrph surshuwlhv1 Pruh wkdq wkdw/ zh zloo dqdo|}h d frqwudfwxdo surfhgxuh dqg
fkdudfwhul}h wkh vhw ri htxloleulxp rxwfrphv1
Iroorzlqj wklv dssurdfk lq iudphzrunv wkdw duh forvh wr rxu prgho zh ￿qg
vrph uhvxowv1 Iru lqvwdqfh/ Ndud dqg Vøqph} ^7‘ dqdo|}h wkh sureohp ri lpsoh0
phqwdwlrq lq pdq|0wr0rqh pdwfklqj pdunhwv1 Wkh| vkrz wkdw wkh vhw ri vwdeoh
doorfdwlrqv lv lpsohphqwdeoh lq Qdvk htxloleulxp/ zkloh qr sduwlfxodu vxevhw ri
wkh fruh lv Qdvk lpsohphqwdeoh1 Dofdogh dqg Urphur0Phglqd ^5‘ suhvhqw wzr
vlpsoh vhtxhqwldo phfkdqlvpv lpsohphqwlqj lq vxejdph shuihfw Qdvk htxloleulxp
wkh fruh fruuhvsrqghqfh lq wkh froohjh dgplvvlrq sureohp1 Wkdw lv/ wkhlu dqdo|vlv
frqfhuqv pdq|0wr0rqh pdwfklqj prghov zkhuh prqhwdu| wudqvihuv duh qrw doorzhg1
Lq wkh vdph iudphzrun frqvlghuhg lq wklv sdshu/ Dofdogh/ S￿uh}0Fdvwuloor/ dqg
Urphur0Phglqd ^4‘ suhvhqw d vhtxhqwldo phfkdqlvp lpsohphqwlqj wkh fruh ri mre
pdwfklqj pdunhwv lq vxejdph shuihfw Qdvk htxloleulxp1 Qhyhuwkhohvv/ qrwklqj lv
vdlg derxw phfkdqlvp ghvljq zkhuh djhqwv* ghflvlrqv kdyh wr eh wdnhq vlpxowdqh0
rxvo|1
Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 lqwurgxfhv vrph gh￿qlwlrqv dqg
wkh prgho1 Vhfwlrq 6 suhvhqwv wkh phfkdqlvp wr eh dqdo|}hg1 Vhfwlrq 7 vwxglhv
rxu phfkdqlvp1
751 WKH PRGHO




eh wkh vhwv ri zrunhuv dqg ￿upv/ uhvshfwlyho|1 Hdfk zrunhu*v
suhihuhqfhv ghshqg rq wzr yduldeohv1 Wkh ￿uvw rqh lv wkh ￿up wkdw vkh lv zrunlqj
iru/ zkhuhdv wkh vhfrqg uhohydqw dvshfw lv wkh zdjh wkdw wklv ￿up sd|v wr khu1 Ohw
xv dvvxph wkdw zrunhu ￿￿*v suhihuhqfhv duh uhsuhvhqwdeoh e| wkh xwlolw| ixqfwlrq
L￿ Es￿cr ￿￿/ qrq0ghfuhdvlqj dqg frqwlqxrxv lq r￿ 5 U/ zkhuh r￿ lv wkh vdodu| wkdw
zrunhu ￿￿ uhfhlyhv/ dqg s￿ lv wkh ￿up lq zklfk vkh lv zrunlqj1 D zrunhu zkr lv qrw
hqjdjhg e| dq| ￿up uhdfkhv d xwlolw| ohyho L￿ E>cf￿1 Wkdw lv/ zh uhsuhvhqw e| s ’ >
wkh vlwxdwlrq lq zklfk wkh zrunhu lv qrw kluhg e| dq| ￿up1 Zh dovr dvvxph wkdw
iru hdfk ￿up s￿ wkhuh lv d uhvhuydwlrq vdodu| o
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’ L￿ E>cf￿ dqg
wkdw L￿ Es￿cr ￿￿ kdv wkh vdph olplw dv r￿ whqgv wr n4 lqghshqghqwo| ri wkh lghqwlw|
ri wkh ￿up s￿1 Hdfk ￿up*v sur￿w ghshqgv rq wkh vhw ri zrunhuv lw frqwudfwv/ vd|
‘ ￿ ￿ ‘/ dqg wkh vdodulhv lw sd|v wr wkhp/ vd| 7￿ ’ Er
￿
￿￿￿￿M‘ ￿1 Iru qrwdwlrqdo
frqyhqlhqfh/ zh zloo vrphwlphv wuhdw 7￿ dv d yhfwru lq U?1 Ohw Z￿ G2 ‘ ￿U? ￿$ U
eh wkh sur￿w ixqfwlrq ri ￿up s￿1 Z￿E‘ ￿c7￿￿ lv dvvxphg wr eh ghfuhdvlqj lq r
￿
￿
zkhqhyhu ￿￿ 5 ‘ ￿ dqg lqghshqghqw ri r
￿
￿ li ￿￿ * 5 ‘ ￿1D￿ u p zklfk grhv qrw kluh
dq| zrunhu rewdlqv Z￿E>cf￿1
Zh fdq ghvfuleh dq doorfdwlrq e| phdqv ri wzr yduldeohv1 Wkh ￿uvw rqh lv d
yhfwru 7 5 U? uhsuhvhqwlqj wkh zdjh wkdw hdfk zrunhu jhwv/ zkhuh r￿ ’ f li ￿￿
lv qrw hqjdjhg e| dq| ￿up1 Wkh vhfrqg rqh lv d fruuhvsrqghqfh/ wr eh fdoohg
pdwfklqj/ wkdw vwdwhv zklfk ￿up +li dq|, kluhv hdfk zrunhu dqg ylfh0yhuvd1 Pruh
suhflvho|/ d pdwfklqj > lv d fruuhvsrqghqfh wkdw pdsv ‘ ^8 lqwr lwvhoi vxfk wkdw
E￿￿ iru hdfk ￿￿ 5 ‘/l i>￿ ’ >E￿￿￿ grhv qrw ehorqj wr 8/w k h q>￿ ’ >> E￿￿￿ iru hdfk
s￿ lq 8/ >￿ ’ >Es￿￿ lv frqwdlqhg lq ‘/ dqg E￿￿￿￿ iru hdfk sdlu E￿￿cs￿￿ 5 ‘ ￿ 8/
>￿ ’ s￿ li/ dqg rqo| li/ ￿￿ 5 >￿1
Zh duh lqwhuhvwhg lq wkh mre pdunhw doorfdwlrqv wkdw duh vwdeoh1 Vwdelolw|r id q
doorfdwlrq ghshqgv rq wkh srvvlelolwlhv wkdw djhqwv kdyh wr lpsuryh wkhlu xwlolw|
ohyho +iru zrunhuv, ru wkhlu sur￿wv +iru ￿upv,1 Vlqfh mre pdwfklqj pdunhwv fdq eh
ylhzhg dv d sduwlfxodu fodvv ri frrshudwlyh jdphv/ wkh vwdelolw| frqfhsw wkdw zh
duh jrlqj wr frqvlghu lv wkh fruh1
Vwdelolw| ri dq doorfdwlrq fdq eh hdvlo| fkhfnhg lq wkh fdvh ri mre pdunhwv1 Dq
doorfdwlrq lv vwdeoh li wkhuh h{lvw qr vxevhw ri zrunhuv dqg d ￿up wkdw fdq lpsuryh
wkhlu rzq xwlolw| +uhvshfwlyho| sur￿w/ iru ￿upv, e| wkhpvhoyhv1 Wkdw lv/ E7c>￿ lv
vwdeoh li/ dqg rqo| li/ CEf ‘cs￿￿ 5 2‘ ￿ E8 ^> ￿/ dqg e 7 5 U? vxfk wkdw
8+l, L￿ Es￿ce r￿￿ :L ￿ E>￿cr ￿￿ iru doo ￿￿ 5 f ‘/ zlwk e r￿ ’ f li s￿ ’ >c dqg
+ll, Z￿
￿
f ‘c e 7
￿
:Z ￿ E>￿c7￿/ zlwk e 7 ’ f li f ‘ ’ >1
Qrwlfh wkdw rxu gh￿qlwlrq ri vwdelolw| lqfoxghv wzr pdlq ihdwxuhv1 Wkh ￿uvw rqh
lv wkdw ri lqglylgxdo udwlrqdolw|1 Zh vd| wkdw dq doorfdwlrq lv lqglylgxdoo| udwlrqdo
li E￿￿ hdfk zrunhu zhdno| suhihuv wkh sd|r￿ wkdw vkh jhwv lq wklv doorfdwlrq wr ehlqj
xqpdwfkhg/ l1h1 L￿ E>cf￿ ￿ L￿ E>￿cr ￿￿ dqg E￿￿￿ qr ￿up kdv dq lqwhuhvw wr glvplvv
dq| zrunhu lw kdv dvvljqhg/ l1h1 Z￿ E>￿c7￿’4 @   ‘ ￿\>￿ Z￿ E‘ ￿c7￿1 Wkh vhfrqg
rqh lv wkdw ri froohfwlyh udwlrqdolw| lq wkh iroorzlqj vhqvh1 Wkhuh lv qr srvvlelolw|
iru d ￿up dqg d jurxs ri zrunhuv wr irup d qhz pdwfklqj/ lq vxfk d zd| wkdw
erwk wkh ￿up dqg wkh qhz zrunhuv lw kluhv ￿qg wkh qhz vlwxdwlrq sur￿wdeoh1
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Wklv vhfwlrq suhvhqwv d idplo| ri phfkdqlvpv grxeo| lpsohphqwlqj wkh vwdeoh fru0
uhvsrqghqfh lq uhpdwfklqj0surri dqg vwurqj Qdvk htxloleuld1 Lq idfw/ zkhq wkh
dqdo|vlv lv uhvwulfwhg wr phfkdqlvpv ehorqjlqj wr wklv idplo|/ wkh ehkdylru wkdw
djhqwv suhvhqw lq doo wkhvh phfkdqlvp zloo qrw ghshqg rq wkh vshfl￿f phfkdqlvp1
Zh zloo ghqrwh e| ￿r6 wkh vhw ri vxfk phfkdqlvpv1
Ohw xv frqvlghu wkh iroorzlqj phfkdqlvp1 Wkh vhw ri djhqwv frlqflghv zlwk
‘ ^ 8/ doo wkh djhqwv sod| vlpxowdqhrxvo|1 Hdfk zrunhu*v phvvdjh +dqg vwudw0
hj|, vsdfh frlqflghv zlwk d8 ^ i>jo ￿ U1 D phvvdjh iru zrunhu ￿￿/ qdpho|
6￿ ’ E6￿￿c6 ￿2￿/ vshfl￿hv wkh ￿up iru zklfk vkh lv uhdg| wr eh kluhg/ 6￿￿/ dqg wkh
vdodu| vkh uhtxhvwv/ 6￿21 Ilupv* phvvdjh vsdfh lv 2‘ ￿U?1 D phvvdjh iru ￿up s￿/
qdpho| 6￿ ’ E6￿￿c6 ￿2￿/ vshfl￿hv wkh vhw ri zrunhuv lw zdqwv wr kluh/ 6￿￿/ dqg wkh
vdodu| lw lv uhdg| wr sd| wr hdfk zrunhu4/ 6￿21 Lq rughu wr lqwurgxfh wkh rxwfrph
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￿ ￿ ￿1 Jlyhq wkhvh qxpehuv/ wkh rxwfrph ixqfwlrq
zloo vhohfw/ iru hdfk vwudwhj| sur￿oh/ vd| ￿ 6/ d pdwfklqj >E￿ 6￿ dqg vdodulhv wr eh
sd|hg e| hdfk ￿up/ r￿ / dqg hduqhg e| zrunhuv/ r￿1 Wkh pdwfklqj >E￿ 6￿ lv gh￿qhg
lq vxfk d zd| wkdw/ iru dq| zrunhu/ >￿ E￿ 6￿’> li 6￿￿ ’ >>l i6￿￿ ’ s￿ 5 8/w k h q
4Lq rxu ghvfulswlrq ri d ￿up*v vwudwhj| zh uhtxluh wkh vdodulhv wr ehorqj wr Uq iru qrwdwlrqdo


















li >￿ E￿ 6￿’s￿1 Ilup s￿ zloo sd| 3 wr d zrunhu zklfk lv qrw pdwfkhg










wr dq| zrunhu ￿￿ pdwfkhg wr wkdw ￿up1
D vlpsoh lqwhusuhwdwlrq fdq eh jlyhq frqfhuqlqj wkh zrunlqj ri wklv phfkd0
qlvp1 Hdfk zrunhu kdv wr ghflgh rq wkh ￿up iru zklfk vkh zdqwv wr zrun dqg vrph
plqlpdo frqwudfwxdo frqglwlrqv +lq whupv ri vdodu|,1 Rqfh wkh ￿up lv vhohfwhg e|
wkh zrunhu/ wkh hpsor|phqw r!fh vwxglhv li wkh wzr djhqwv frxog djuhh rq vrph
frqwudfwxdo frqglwlrqv1 Zkhqhyhu vxfk d frqwudfw h{lvwv/ wkh zrunhu lv kluhg e|
wkh ￿up1 Wkh ￿up sd|v wr wkh zrunhu d vdodu| zklfk lv ghflghg e| wkh hpsor|phqw
r!fh/ dqg vrph ihh wr wkdw r!fh1 Wkdw ihh/ li dq|/ zloo ghshqg rq wkh gl￿huhqfh
ehwzhhq zrunhu*v dqg ￿up*v h{shfwhg vdodu|1 Iroorzlqj wklv lqwhusuhwdwlrq/ ohw xv
vxssrvh wkdw zrunhu ￿￿ dqg ￿up s￿ duh pdwfkhg1 Lq vxfk d fdvh/ wkh shu xqlw ihh





Wkh uhvxow zh fdq h{shfw iurp djhqwv* lqwhudfwlrq ghshqgv rq wkh sursruwlrqdo
ihh1 Qrwlfh wkdw lw lv wkh hpsor|phqw r!fh zkr fkrrvhv wkh ohyho ri doo wkhvh ydul0
deohv e| vhohfwlqj wkh sduwlfxodu phfkdqlvp wr eh hpsor|hg1 Qhyhuwkhohvv/ lq
htxloleulxp/ zkhqhyhu d zrunhu lv kluhg e| d ￿up/ wkh vdodu| wkdw wkh zrunhu
ghpdqgv frlqflghv zlwk wkdw r￿huhg e| wkh ￿up1
Vlqfh zh duh lqwhuhvwhg lq vwxg|lqj wkh vhw ri doorfdwlrqv wkdw pljkw eh h{0
shfwhg zkhq vxfk phfkdqlvpv duh hpsor|hg/ zh qhhg wr eh pruh suhflvh rq wkh
vroxwlrq frqfhswv zh zloo dqdo|}h1
Frqfhuqlqj wr wkh vlwxdwlrq zkhuh rqo| lqglylgxdolvwlf ehkdylru lv dvvxphg/
wkh qdwxudo htxloleulxp frqfhsw lv wkh Qdvk htxloleulxp1 Rq wkh rwkhu kdqg/
zkhq djhqwv fdq djuhh rq wkh vwudwhjlhv wr eh sod|hg/ rqh fdq vwxg| wkh qh{w wzr
htxloleulxp frqfhswv/ qdpho| vwurqj Qdvk dqg uhpdwfklqj0surri htxloleulxp1
Dxpdqq ^6‘ lqwurgxfhv wkh vwurqj Qdvk htxloleulxp dv d Qdvk htxloleulxp lq
zklfk qr frdolwlrq iruphg e| dq| srvvleoh jurxs ri sod|huv +zrunhuv dqg ￿upv,
fdq mrlqwo| fkdqjh wkhlu uhsruwhg suhihuhqfhv +nhhslqj rwkhu djhqwv* uhsruwv ￿{hg,
vr dv wr pdnh wkhp ehwwhu r￿1 Lq rwkhu zrugv/ lq d vwurqj Qdvk htxloleulxp wkhuh
lv qr zd| wr lpsuryh wkh zhoiduh ri dq| djhqw e| fkdqjlqj khu ehkdylru hyhq li
:vkh grhv lw frruglqdwhg zlwk rwkhu djhqwv wkdw dw ohdvw zloo eh qrw zruvh r￿1 Wkh
uhpdwfklqj0surri htxloleulxp zdv lqwurgxfhg e| Pd ^9‘ iru wkh pduuldjh pdunhw1
Khuh zh dgdsw wkdw frqfhsw wr wkh pdq|0wr0rqh pdwfklqj pdunhw lq wkh iroorzlqj
zd|1 D uhpdwfklqj0surri htxloleulxp lv d Qdvk htxloleulxp lq zklfk qr frdolwlrq
iruphg e| rqh ￿up dqg d jurxs ri zrunhuv fdq mrlqwo| fkdqjh wkhlu uhsruwhg suhi0
huhqfhv +nhhslqj rwkhu djhqwv* uhsruwv ￿{hg, vr dv wr pdnh doo ri wkhp ehwwhu r￿1
Li d Qdvk htxloleulxp lv qrw uhpdwfklqj0surri/ wkhq wkhuh h{lvwv dw ohdvw d frdolwlrq
olnh zh kdyh gh￿qhg deryh wkdw fdq pdnh doo ri lwv phpehuv ehwwhu r￿ e| frrugl0
qdwlqj wkhlu ehkdylru1 Qrwh wkdw/ lq rxu iudphzrun/ wkh rqo| gl￿huhqfh suhvhqwhg
e| wkh wzr htxloleulxp frqfhswv frphv iurp doorzlqj hdfk ￿up wr frpplw zlwk
dq| rwkhu ￿up rq wkh vwudwhj| wr eh sod|hg ru qrw1
71 WKH UHVXOWV
Wkh ￿uvw uhvxow zh zloo suhvhqw lq wklv vhfwlrq whoov xv wkdw djhqwv zdqw wr sdu0
wlflsdwh lq d klulqj surfhgxuh ghvfulehg e| rxu phfkdqlvp1 Wklv lv ehfdxvh rqo|
lqglylgxdoo| udwlrqdo doorfdwlrqv vkrxog eh h{shfwhg zkhq hpsor|lqj wklv phfkd0
qlvp1
Wkhruhp 7141 Dq| phfkdqlvp lq ￿r6 lpsohphqwv lq Qdvk htxloleulxp wkh lq0
glylgxdoo| udwlrqdo fruuhvsrqghqfh1
Surri1 Frqvlghu d mre pdwfklqj pdunhw dqg d phfkdqlvp ehorqjlqj wr ￿r61
Iluvw/ zh zloo vkrz wkdw dq| Qdvk htxloleulxp ohdgv wr dq lqglylgxdoo| udwlrqdo
doorfdwlrq1
Ohw ￿ 6 eh d Qdvk htxloleulxp1 Vxssrvh wkdw wkh doorfdwlrq d>E￿ 6￿crE￿ 6￿o lv
qrw lqglylgxdoo| udwlrqdo1 Wkhq/ wkhuh vkrxog eh d zrunhu ￿￿ zklfk suhihuv qrw
ehlqj kluhg e| wkh ￿up zklfk vkh lv dvvljqhg wr/ ru d ￿up suhihuulqj wr kluh
ohvv zrunhuv wkdq lw grhv1 Zh zloo vhh wkdw qrqh ri erwk srvvlelolwlhv krogv dw
htxloleulxp1 Iluvw/ vxssrvh wkdw L￿ E>￿ E￿ 6￿cr ￿ E￿ 6￿￿ ￿L ￿ E>cf￿1 Wkhq/ zrunhu
￿￿ fdq jhw d kljkhu xwlolw| ohyho e| sod|lqj 6
￿
￿ ’ E>cf￿1 Qrwh wkdw zkhq sod|0
lqj vwudwhj| 6
￿
￿/ wkdw zrunhu jxdudqwhhv khuvhoi wr jhw khu uhvhuydwlrq xwlolw|
ohyho1 Vhfrqg/ vxssrvh wkdw wkh lqglylgxdo udwlrqdolw| frqglwlrq lv qrw vdwlv￿hg
iru ￿up s￿1 Wkxv/ wkhuh lv d vhw ri zrunhuv frqwdlqhg lq >￿ E￿ 6￿/v d |‘ ￿/ vxfk
wkdw Z￿ E‘ ￿crE￿ 6￿￿ :Z ￿ E>￿ E￿ 6￿crE￿ 6￿￿1 Vlqfh vxfk d ￿up fdq kluh rqo| zrunhuv
lq ‘ ￿/ dqg sd| vdodulhv rE￿ 6￿/e |s o d | l q j6￿￿ ’ E‘ ￿crE￿ 6￿￿/ wklv idfw frqwudglfwv
;wkdw ￿ 6 zdv d Qdvk htxloleulxp1 Wkxv/ hyhu| Qdvk htxloleulxp kdv wr ohdg wr dq
lqglylgxdoo| udwlrqdo doorfdwlrq1
Rq wkh rwkhu kdqg/ ohw E>cr￿ eh dq lqglylgxdoo| udwlrqdo doorfdwlrq1 Zh duh
jrlqj wr exlog d Qdvk htxloleulxp vxssruwlqj vxfk dq doorfdwlrq1 Frqvlghu wkh
iroorzlqj vwudwhjlhv iru wkh djhqwv1 Zrunhu ￿￿*v vwudwhj| lv 6￿ ’ E>￿cr ￿￿/ dqg ￿up
s￿ zloo sod| vwudwhj| 6￿ ’ E>￿c￿ r￿￿/z l w k￿ r
￿





Lw lv hdv| wr fkhfn wkdw wkhvh vwudwhjlhv frqvwlwxwh d Qdvk htxloleulxp/ zkrvh
rxwfrph lv E>cr￿1 Qrwlfh wkdw/ jlyhq djhqwv* vwudwhjlhv/ dq| xqlodwhudo ghyldwlrq
zloo surylgh d qhz rxwfrph E>cr￿ vxfk wkdw= E￿￿ iru doo s￿ 5 8/ > ￿ > dqg E￿￿￿
iru hdfk ￿￿ 5 ‘/ r ’ r￿ li > ’ > ru r ’ f rwkhuzlvh1 Vlqfh E>cr￿ lv lqglylgxdoo|
udwlrqdo/ qr djhqw zloo ehqh￿w iurp xqlodwhudo ghyldwlrqv1
Suhylrxv wkhruhp vwdwhv wkdw/ zkhq djhqwv ehkdylru lv lqglylgxdolvwlf/ dq| lq0
glylgxdoo| udwlrqdo doorfdwlrq fdq eh h{shfwhg iurp wkh djhqwv* lqwhudfwlrq1 Hyhq
li vxfk dq doorfdwlrq grhv qrw vdwlvi| Sduhwr h!flhqf|1 D srvvleoh zd| wr dyrlg
wklv sureohp lv e| ohdglqj wkh djhqwv wr frpplw wr wkh vwudwhj| wr eh hpsor|hg1
Wklv mre fdq eh grqh e| doorzlqj wkh djhqwv wr irup xqlrqv1 Lq vxfk d fdvh/ wkh
uroh ri wkhvh xqlrqv lv wr qhjrwldwh wkh vwudwhj| wr eh sod|hg e| hdfk djhqw lq rughu
wr uhdfk wkh kljkhvw xwlolw| ohyho +sur￿w iru wkh ￿up, wkh| fdq1 Zkhq rqo| zrunhuv*
xqlrqv duh doorzhg/ wkh htxloleulxp frqfhsw wr eh dqdo|}hg lv uhpdwfklqj0surri> lq
dgglwlrq/ li ￿upv* xqlrqv duh dovr iruphg/ zh rqo| fdq h{shfw doorfdwlrqv wkdw duh
vxssruwhg e| vwurqj Qdvk htxloleulxp1 Wkh qh{w uhvxow zloo vkrz wkdw h!flhqf|
fdq eh uhdfkhg e| wklv frooxvlyh ehkdylru1 Pruhryhu/ vxfk dq h!flhqf| lv rewdlqhg
zkhqhyhu zrunhuv* xqlrqv duh iruphg/ qr pdwwhu li ￿upv* xqlrqv duh iruphg ru qrw1
Wkhruhp 7151 Dq| phfkdqlvp lq ￿r6 grxeo| lpsohphqwv lq uhpdwfklqj0surri
dqg vwurqj Qdvk htxloleulxp wkh vwdeoh fruuhvsrqghqfh1
Surri1 Wr suryh wkdw wkhvh phfkdqlvpv lpsohphqw wkh vwdeoh vhw lq uhpdwfklqj0
surri htxloleulxp lq wkh ￿uvw sodfh/ ohw xv frqvlghu d mre pdwfklqj pdunhw dqg d
phfkdqlvp ehorqjlqj wr ￿r61 Iluvw/ zh duh jrlqj wr vkrz wkdw hyhu| uhpdwfklqj0
surri htxloleulxp |lhogv d vwdeoh doorfdwlrq1 Dqg vhfrqg/ iru dq| vwdeoh doorfdwlrq/
zh zloo exlog d uhpdwfklqj0surri htxloleulxp vxssruwlqj lw1
Ohw ￿ 6 eh d uhpdwfklqj0surri htxloleulxp iru vxfk d phfkdqlvp1 Vxssrvh wkdw
doorfdwlrq d>E￿ 6￿crE￿ 6￿o lv xqvwdeoh1 Vlqfh hyhu| uhpdwfklqj0surri htxloleulxp lv
d Qdvk htxloleulxp/ zh nqrz iurp Wkhruhp 714 wkdw vxfk dq doorfdwlrq kdv wr eh
lqglylgxdoo| udwlrqdo1 Wkxv/ wkhuh vkrxog eh d ￿up/ vd| s￿/ d vhw ri zrunhuv/ vd|
<‘ ￿/ dqg d vdodu| yhfwru 7 vxfk wkdw
E￿￿ L￿ Es￿cr ￿￿ :L ￿ E>￿ E￿ 6￿crE￿ 6￿￿ iru doo ￿￿ 5 ‘￿/ dqg
E￿￿￿ Z￿ E‘ ￿c7￿ :Z ￿ E>￿ E￿ 6￿crE￿ 6￿￿1
Wklv lv frqwudglfwru| zlwk wkh idfw wkdw ￿ 6 zdv d uhpdwfklqj0surri htxloleulxp/
ehfdxvh zrunhuv lq ‘ ￿ fdq lqfuhdvh wkhlu xwlolw| ohyho e| frpplwwlqj zlwk ￿up s￿
lq rughu wr eh kluhg e| wkdw ￿up dw vdodulhv lq 71 Qrwh wkdw vxfk d ￿up zloo dovr
lqfuhdvh lwv sur￿w ohyho1
Rq wkh rwkhu kdqg/ ohw d>cro eh d vwdeoh doorfdwlrq1 Zh duh jrlqj wr exlog d
uhpdwfklqj0surri htxloleulxp vxssruwlqj vxfk dq doorfdwlrq1 Frqvlghu wkh iroorz0
lqj vwudwhjlhv ri wkh djhqwv1 Zrunhu ￿￿*v vwudwhj| lv 6￿ ’ E>￿cr ￿￿/ zkhuhdv ￿up s￿
sod|v vwudwhj| 6￿ ’ E>￿cr￿1 Lw lv hdv| wr fkhfn wkdw wkhvh vwudwhjlhv frqvwlwxwh d
uhpdwfklqj0surri htxloleulxp zkrvh rxwfrph lv E>cr￿1
Dv wkh uhdghu fdq vhh/ wkh surri iru lpsohphqwdwlrq lq vwurqj Qdvk htxloleulxp
lv vlplodu wr wkh deryh surri iru wkh uhpdwfklqj0surri htxloleulxp fdvh1 Lq idfw/
li zh fkdqjh uhpdwfklqj0surri htxloleulxp iru vwurqj Qdvk htxloleulxp lq wkh
suhylrxv sdudjudskv/ wkh surri lv grqh1
Wkh suhylrxv uhvxow srlqwhg rxw wkdw zkhq djhqwv duh doorzhg wr frpplw lq
wkh vwudwhj| wr eh hpsor|hg vwdelolw| ri wkh pdunhwv/ dqg khqfh Sduhwr h!flhqw
doorfdwlrqv/ fdq eh dvvxuhg lq mre pdunhwv1 Lq rughu wr rewdlq vwdelolw| lw lv
hvvhqwldo wkdw ￿upv pljkw frpplw wr vrph zrunhuv* xqlrq1 Wkh h{lvwhqfh ri wkh
zrunhuv* xqlrq jxdudqwhhv wkh qhfhvvdu| frruglqdwlrq dprqj zrunhuv zkr zloo eh
hpsor|hg e| wkh ￿up1 Wkxv/ zrunhuv* xqlrqv kdyh dq lqwhuhvwlqj vrfldo uroh ri
hvwdeolvklqj frruglqdwlrq dprqj djhqwv wr jhw vwdelolw| dqg h!flhqf|1
43Uhihuhqfhv
^4‘ Dofdogh/ M1/ G1 S￿uh}0Fdvwuloor dqg D1 Urphur0Phglqd/ +4<<:,= Klulqj surfh0
gxuhv wr lpsohphqw vwdeoh doorfdwlrqv/ LYLH ZS0DG <:0431
^5‘ Dofdogh/ M1 dqg D1 Urphur0Phglqd/ +4<<9,= Vlpsoh phfkdqlvpv wr lpsohphqw
wkh fruh ri froohjh dgplvvlrqv sureohpv/ LYLH ZS0DG <90461
^6‘ Dxpdqq/ U1 M1/ +4<8<,= Dffhswdeoh srlqwv lq jhqhudo frrshudwlyh q0shuvrq
jdphv/ lq Frqwulexwlrqv wr wkh wkhru| ri jdphv LY/ hg1 e| D1 Z1 Wxfnhu/ dqg
U1 G1 Oxfh/ yro1 73 ri Dqqdov ri Pdwkhpdwlfdo Vwxglhv/ ss1 5;:06571 Sulqfhwrq
Xqlyhuvlw| Suhvv/ Sulqfhwrq/ Qhz Mhuvh|1
^7‘ Ndud/ W1 dqg W1 Vøqph}/ +4<<:,= Lpsohphqwdwlrq ri froohjh dgplvvlrq uxohv/
Hfrqrplf Wkhru| </ 4<:054;1
^8‘ Nhovr/ D1V1 dqg Y1S1 Fudzirug/ +4<;5,= Mre pdwfklqj/ frdolwlrq irupdwlrq/
dqg jurvv vxevwlwxwhv/ Hfrqrphwulfd 83/ 47;6048371
^9‘ Pd/ M1/ +4<<8,= Vwdeoh pdwfklqjv dqg uhpdwfklqj0surri htxloleuld lq d wzr0
vlghg pdwfklqj pdunhw1 Mrxuqdo ri Hfrqrplf Wkhru|/ 99/ 68509<1
^:‘ Pdvnlq/ H1/ +4<;8,= Wkh wkhru| ri lpsohphqwdwlrq lq Qdvk htxloleulxp1 lq
Vrfldo jrdov dqg vrfldo rujdql}dwlrq1/ hg e| O1 Kxuzlf}/ G1 Vfkphlgohu dqg K1
Vrqqhqvfkhlq1 Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ 4:605371
^;‘ Urwk/ D1H1 dqg P1 Vrwrpd|ru/ +4<<3,= Wzr0vlghg pdwfklqj= D vwxg| lq jdph0
wkhruhwlf prgholqj dqg dqdo|vlv/ Hfrqrphwulf Vrflhw| Prqrjudsk Vhulhv/ Fdp0
eulgjh Xqlyhuvlw| Suhvv/ Qhz \run1
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